Effect of multikinase inhibitors on caspase-independent cell death and DNA damage in HER2-overexpressing breast cancer cells.
The receptor tyrosine kinase, HER2, is overexpressed in approximately 25% of patients with breast cancer and is implicated in the aggressiveness of cancer. Targeting of HER2 signaling with trastuzumab, a monoclonal antibody that inhibits HER2 activity, has demonstrated clinical benefits. We investigated whether the antitumor activity of trastuzumab can be potentiated by dasatinib, a small-molecule tyrosine kinase inhibitor, on breast cancer cell lines that overexpress HER2 (BT474 and SKBR3) or have normal HER2 expression (MCF7 and T47D). Functional, biochemical, and gene expression microarray studies were performed to test the effect of trastuzumab, dasatinib, or a combination of trastuzumab and dasatinib on cell proliferation; HER activation; cell cycle; DNA damage; and apoptosis. The effect of drugs on mice (n = 6 per group) bearing xenograft tumors originating from HER2-overexpressing BT474 cells was assessed, and tumors were evaluated for an effect on volume, HER signaling, and DNA damage. All statistical tests were two-sided. Trastuzumab and dasatinib combination showed a synergistic effect on the proliferation of HER2-overexpressing breast cancer cells (combination index = 0.44, 95% confidence interval = 0.30 to 0.58). The drug combination also induced a stronger inhibitory effect on HER2 activation than the individual drugs, decreased the level of proteins involved in DNA damage response, induced DNA double-strand breaks, cell cycle arrest, and caspase-independent apoptosis. Mice (n = 6 per group) bearing xenograft tumors originating from HER2-overexpressing BT474 cells showed statistically significantly reduced tumor volume on day 28 when treated with the drug combination (control vs trastuzumab and dasatinib combination; mean volume = 2.6 vs 0.5 cm(3), difference = 2.1 cm(3), 95% confidence interval = 0.76 to 3.51 cm(3), P = .01) and total regression of tumors by day 36 with no later relapse. Results showed that HER2 and dasatinib-sensitive tyrosine kinases act in a synergistic manner to safeguard the breast cancer cells from DNA damage. The therapeutic targeting of multikinase inhibition opens new avenues for the treatment of HER2-positive breast cancer patients.